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(54) title: PROCESS FOR RECYCLING POLYMBRS HAVING REPEATING ETHER LINKAGES 
(57) Abstract 

The present invention Is a process for convening high molecular weight essentially water insoluble polymers having repeat- 
ing or multiple ether linkages in the polymer backbone into their corresponding alcohols and other monomelic and lower weight 
oligomcric units by forming an aqueous mixture of the polymer in a ratio by weight of liquid water to polymer of at least 1 :1, 
preferably neutral water, and heating the mixture under autogencous pressure at a temperature of from about 200 *C to about the 
critical temperature of water (374 °C), more preferably from about 200 °C up to about 350 "C. Heating is continued for a period 
of time sufficient to depolymerize the polymer, depending on temperature and the amount of water present, and the number of 
polymeric ether linkages in the feedstock, and the amount of conversion desired. 
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-PROCESS TOR RECYCLING POLYMERS H&Viyq REPEATING LINKAGES 

This 1b a continuation-in-Fart: application of Serial No. 

638,64$ filed February 20, 1992. 

BftCTOROtmP OP THE TWVBWTIOM 

Eiald gf ttto invention 

The present invention relates to a process for converting 
polymers having multiple or repeating ether linkage© in the backbone 
to alcohols, and other monomeric and lower molecular weight oligcmeric 
units by heating with liquid water* 

Description of Related Art 

Generally speaking, waste polymers containing repeating ether 
linkages are less commercially valuable than the corresponding alcohol 
and monomeric and lower molecular weight oligomer ic products which may 
be produced by cleavage of (C~0> linkages in the polymer backbone. 
Such waste polymers are generally not easily biodegradable and due to 
their high molecular weight also are not water soluble* current 
processes, such as described in TJ-S* Patent 4,608,658, require the 
addition of catalysts to depolymerize these polymers* The process of 
the present invention has advantages in that it may be practiced 
without the addition of a catalyst in an environment that requires 
only the polymer and water as starting materials, and that it degrades 
the C-o bond in the (ether) linkages in the polymer backbone. 

SUMMARY OP TBS IMVRMTTOK 

The present invention is a simplified proceed for dopoly- 
merislng water ' insoluble high molecular weight polymers having a 
backbone of multiple or repeating ether linkages. These polymers have 
molecular weights that are sufficiently great Co render the starting 
polymer essentially not soluble in water at 25 °c. Typically, the 
molecular weight of such polymers is greater than about. 5,000. The 
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process converts these polymers into their corresponding lower molecu- 
lar weight products, that let alcohols, monomer ic products, and lower 
molecular weight oligomer ie products, xt comprises forming an aqueous 
mixture of a water Insoluble high molecular weight polymer having 
multiple or repeating ether linkages in the backbone and sufficient 
liquid water, preferably* water having a pH of from about 7 to about 
3.5, more preferably neutral water, pK of about 7*0 at room tempera- 
ture, and heating the mixture under autogeneous pressure at a tempera- 
ture of from about 200°c up to the critical temperature of water which 
is about 374*C, preferably from about zoo°c to about 350°C Beating 
is continued for a period of time sufficient to depolymerize the 
polymer* 

PSTftSERP PBgCTIPTWW SE TflB IHYBHTI9W 

The invention is applicable to the cleavage of high molecular 
weight polymers having multiple or repeating ether linkages in the 
backbone. Polymers acceptable as starting materials are any high 
molecular weight polymers having repeating or multiple ether linkages 
in the polymer backbone. Such polymers are typically not water 
soluble and generally have an average molecular weight of greater than 
or equal to about 5,000, more typically from about 20,000 and most 
typically from about 100,000. The polymer has the formula: 

R'<OR) n OR" 

wherein n is a whole number typically equal to or greater than 100, 
depending on the molecular weight of the polymer and wherein R, ft* and 
R" each is selected from the group consisting of hydrocarbon groups 
and substituted hydrocarbon groups, wherein the hydrocarbon group and 
substituted hydrocarbon group may be aliphatic (including linear, 
branched and cyclic aliphatic), aromatic and mixtures thereof. tf 
aromatic hydrocarbons are present as part of the ether backbone, 
aromatic hydrocarbons having at least two aromatic rings (e.g., 
naphthalene) are preferred to be the ether linkage In the polymer 
chain, rather than only one ring arcmatics . (e.g. , naphthyl-o-phenyl, 
or naphthyl-o-naphthyl, etc* is preferred over phenyl- -phenyl) as 
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uneubstituted phenyl -O-phenyl bends are not degraded easily at reac- 
tion conditions, except if one of the phenyl rings is (a) replaced by 
a higher aromatic ring, (b) replaced by an aliphatic group, or (c) 
substituted with, e.g., a hydroxy 1, amino, alkoxy, etc* group, the 
ether bond to that ring may be degraded in the process of the present 
invention. Further, R, R' and R' ' may be the same or different, 
provided that R, R* and R* ' are not all unsubstituted phenyl groups; 
i.e., selected from the group consisting of aliphatic and higher 
aromatic hydrocarbon groups and mixtures thereof, Thus, the polymer 
may be any known polymer having repeating or multiple ether linkages 
in the backbone, such as linear, block, radial or random polymers 
(including copolymers). Included in random polymers are those wherein 
R, R' and R" are distributed randomly throughout the polymer and 
wherein the R in (OR) n also may be composed of different aliphatic or 
aromatio hydrocarbon groups/blocks. 

The length of the chain of each individual R in the repeating 
unit, (OR) n , may be any number of carbon atoms* so long as the result- 
ing polymer is essentially water insoluble, preferably having from 1 
to about 30 carbon atoms, most preferably from 1 to about IS carbon 
atoms. Additionally, oyeloaliphatie and aromatic moieties may be 
appended to the aliphaties. 

The terms "hydrocarbon**, "aliphatic** (linear, branched and 
cyclo-) and "aromatic- as used herein are also intended to be inclu- 
sive of such groups containing one or more non- interfering substituent 
groups replacing hydrogen on the chains or rings of the hydrocarbon 
unite (i.e., substituted hydrocarbon groups), as used herein, the 
term "non-interfering substituent (group)** means a substituent (group) 
that is essentially inert? i.e., does not Interfere with the process 
of the present invention, i.e«, the course of the depolymerization 
reaction and such substituent groups may readily be selected by those 
skilled in the art. 

Although ordinary tap water may be used in the process, it is 
preferred to use distilled or deionized water substantially free of 
dissolved salts and particularly preferred to use water which has been 
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de oxygenated and Is substantially free of dissolved, oxygen* Removal 
of oxygen tends to minimize the occurrence of free radical side 
reactions during the process* 

The amount of water used in forming the mixture with these 
polymers should be at least equal parts of water and polymer* but 
preferably at least about a two- fold excess , more preferably about a 
five-fold excess by weight* In general, the higher the water content 
of the mixture, the greater the expected conversion and conversion 
rate of the polymer at any given process temperature within the 
disclosed temperature range* 

Conversely, the higher the process temperature within that 
range, the less water would be required to give rise to higher conver- 
sion rates of the polymer. The preferred water content of the mixture 
ranges from about 1:1 to about 10 xX by weight water to weight of 
polymer with 2:1 to SzX parts by weight being the prmtetred* 

The process is conducted by Introducing the liquid water and 
the polymer into a reaction vessel, forming an aqueous mixture thereof 
and heating the mixture under autogeneous pressure and at a tempera- 
ture within the range of from about 200°c to about 374°c, preferably 
from about 200 °C to about 350*C for a period of time sufficient to 
depolymerise the polymer by cleaving ether linkages in the polymer 
backbone. The reaction should be carried out preferably in an inert 
atmosphere, such as argon or nitrogen, as an aid in excluding oxygen 
from the system. The polymer may be introduced Into the reactor in 
any form that can suitably be accommodated therein, for example as a 
powder, small chips or pieces cut to appropriate size* 

The term "autogeoeous pressure of the system" refers to the 
combined vapor pressure exerted by the mixed components present in the 
aqueous system heated at a particular process temperature. The 
autogeneous pressure of water alone in such a system ranges from about 
225 psig to about 3200 psig over a temperature range of from about 
200°c up to about 374 °c the oritical temperature of water. The 
autogeneous pr ssure of a system containing both water and the polymer 
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would be higher over this temperature range as a function of th 
polymer content and the partial pressure exerted by the polymer 
decomposition products* 

The starting materials required in the process of the present 
invention are liquid water, preferably water having a pH of from about 
7 to about 3.5/ more preferably neutral water (pH equal to about 7.0) 
at room temperature r and a polymer containing repeating or multiple 
ethssr linkages in the backbone and otherwise having the characteris- 
tics described above* thus* the process of the present invention may 
be further modified by adjusting the pB of the liquid water within the 
disclosed range to influence selectivity toward particular end prod- 
ucts, depending on the pH of the water and the identity, strength and 
eoneentration of the materials used to produce the pH thereof. For 
example, the presence of small quantities of a stronger or weaker 
acid, may assist in obtaining higher rates of conversion of the 
polymer. The presence of stronger acids such aa sulfuric, hydro- 
chloric or phosphoric acid in the liquid water at levels of less than 
about 0*5 wt% is expected to produce higher polymer conversion rates 
but tends to disfavor selectivity towards the yield of alcohols and 
favor selectivity towards the production of olefins or other bypro- 
ducts. The presence of weaker acids, such as acetic acid in the 
liquid water at levels of less than about 3 wt% is expected to produce 
higher polymer depolymerlsatlon rates but with greater selectivity 
toward the production of alcohols* 

The terms • conversion " , "degrading* and "depoiymerisation" as 
used herein are defined as cleavage of one or more c-o bonds in the 
ether linkages of the polymer backbone to produce more desirable, 
value added, lower molecular weight compounds than the starting 
polymer (i.e., alcohols, monomerie products and lower molecular weight 
oligomer ic products)* Seme of these lower molecular weight compounds 
may be water soluble* Where the starting polymer ranges from about 
5,000 to over 100,000 in average molecular weight, the product of the 
reaction may generally comprise a mixture composed primarily of the 
corresponding alcohol and oligomeric units containing preferably from 
about 1 to about 15 ether units as th major components. Depending on 
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the length of time that the reaction is carried out, it can effect the 
cleavage of the resulting oligomers (lower molecular weight com— 
pounds), if desired. 

The process can be uaed to convert any weight percent of the 
starting polymer. Generally the percentage of conversion of polymer 
which may be achieved in accordance with the process of this invention 
may range from at least about 75% to quantitative amounts depending 
upon the number of ether linkages in starting polymer and reaction 
conditions* Reaction times of 0*1 hour* to 8 hours are generally 
acceptable depending on the amount of water present , the temperature 
and tb« amount of conversion desired. 

■» 

The process of the present invention may be particularly 
.adapted for use in conjunction with other chemical processes wherein 
polymers with multiple or repeating: ether linkages in the backbone are 
formed as a lees valuable byproduct* The advantageous use of the 
present process in conjunction with other chemical processes where 
polymers having ether linkages in the backbone are formed as by- 
products should be evident to -the skilled practitioner. 

The process of this invention may be carried out in a batch 
or in a continuous mode using conventional pressure equipment. 
Examples of such equipment include a laboratory bomb, a high pressure 
autoclave, a stirred tank reactor or a continuous flow-through tube, 
eaoh equipped with a heating means capable of achieving and maintain- 
ing the required temperatures and pressures over the required time 
period. 

The Invention may suitably comprise # consist or consist 
essentially of the elements- thereof disclosed herein and may be 
practiced in the absence of any element not specifically disclosed. 
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Polyethylene glycol (1*0 9) (MW 100,000), in a solid, insolu- 
ble form, was mixed with H2O (10*0 g) and heated at 3S0°C for 2 hours 
to produce a yellow solution (indicating that depolymerization of the 
insoluble starting material to lower molecular weight products had 
occurred) ♦ 

Example 2 

Polyethylene glycol {1*0 g) (MW 19,000) , in a solid, insolu- 
ble form, was mixed with H20 (10.0 g) and heated at 315°c for 1 hour 
to produce a colorless solution (indicating that depolymerization of 
the starting material to lower molecular weight products had oc- 
curred) * 

Polyethylene glycol (l-O g) <MW 100,000), in a solid, insolu- 
ble form, was mixed with H2O (10. o g) and heated at 315*C to produce a 
white, cloudy solution* GO, mass spec analysis showed alcohol and 
ether unite in range of 1-13 unite (indicating that depolymerization 
of the starting material to lower moleoular weight products had 
occurred)* 
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CLAIMS: 

1* A process- for depolymerising high molecular weight 
polymers having ether linkages in the backbone r comprising: 

(a) forming an aqueous mixture of liquid water and a polymer 
having multiple ether linkages in the backbone and a molecular weight 
of at least about 5,000; and 

<b) heating said mixture to a temperature within the range 
of from about 200 Q C up to about the critical temperature of water 
under autogenous pressure of the system for a period of time suffi- 
cient to depolymerize said polymer into lower molecular weight com- 
pounds. 

2. The process of claim 1 wherein said polymer has the 

formula: 

R*(0R) n 0R" 

wherein the polymer has a molecular weight of at lease about 5,000 and 
wherein R, R' and R' * may be the same or different and each is select- 
ed from the group consisting of unsubstituted aliphatic and aromatic 
hydrocarbon groups and substituted aliphatic and aromatic hydrocarbon 
groups, wherein at least one of R, R* and R' ' is not an uneubstituted 
phenyl group, and wherein n is a whole number of at least about lOO- 

3. The process of claim X wherein said aqueous mixture 
contains from about lil to about 10 tl parts by weight of water per 
part by weight of polymer* 

4. The process of claim 1 wherein said mixture is heated at 
a temperature of from about 200 °C to about 350 °C. 
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5. The proc se of claim 1 wherein said aqueous mixture 
contain* from about 2:1 to about 5x1 part a by weight of water per part 
by weight of polymer. 

6* The process of claim 1 wherein the liquid water has a pH 
of about 7.0. 

7. The proctia of claim 1 wherein the liquid water has a pH 
of from about 7 to about 3.5* 

8* The process of claim 2 wherein the polymer is polyethyl- 
ene glycol. 



INTERNATIONAL SEARCH RETORT 



IntcnuUknal ipptisa&m No. 

PCT/US93/0185O 



A, CLASSIFICATION OF SUBJECT MATTER 

EPC<5) :C07C 41/01 

US CL :56W6TO,609.«7,618»*19,620 
According to International Patent Clarification (IPC) or to both national clarification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by 
U.S. : 563/606,609,617,618,619,620 



symbols) 



Documentation eearehed other than minimum 



to the extern thai men documents mo included in Che fields 



Electronic data base consulted during the 



scsrch (nun* of dau base «id, where practksblc, search twroa maS) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passage* 



Relevant to claim No. 



US,A, 4,806,658 (Chang et aL) 21 February 1989 see entire 
document. 

US,A, 5,043,486 (Sisken et al.) 27 August 1989 see entire 
document 

US,A, 4,581,470 (Roy et aL) 08 April 1986 see entire document. 



1-8 
1-8 
1-8 



~| Further documents are listed io the continuation of Box C, |~| See patent family 



annex* 



ihimiBieiNiftifcislfcsy 
to be put of puUaukr 



i ore* ****** to eetttasite* 



apeHheeicncriifarthp h e irtlml toki4m 



the priority 4a» 




Dale of the actual completion of the international search 
04 MAY 1993 



Date of mailing of the international search Tcport 



07 JUN 1993 



Name and mailing address of the ISA/US 
ComraJ wiener ofnteats and Tradamasfc* 
Box per 

Washington, DjC. 20231 
Paesimile No. NOT APPLICABLE 



Authorized officer /U^gyflp A/9t±£f4'< 
IK HOWARD T. MARS B5TOE1T NOOC-HO — 
Telephone No, 30S-f 



XOMnXDXVZSZOV 



Form PC17ISA/210 (second aheet)(July 1992)* 



